Multilevel Inverter (MSMI) with a Unified Constant Frequency Integration Control (UPC) which is used as an Active Power Filter (APF). APF is connected in shunt to the power system in order to sense the non-sinusoidal current drawn by the non-linear load and inject current to the transmission line which compensates the harmonics drawn by the load. This in turn helps having a power factor value close to one at the source side since the source current is forced to follow the source and thus be in phase with it. An APF topology is simulated for different connection parameters and its performance for each case is studied. Finally the results are compared to show that the topology proposed in this paper has a better harmonic reduction.
I. INTRODUCTION
The quality of modern life has significantly improved with the rapid developments of power electronics devices which introduce sophisticated energy-efficient and controllable equipments to industries and homes. However, having nonlinear characteristics power electronics devices create power quality problems [1] . When this is considered with the fact that the number of the non-linear loads and power electronics equipment is rapidly increasing the growing concern on the power quality problem can easily be understood [2] .
Harmonic distortion is a key phrase used today when talking about power quality. These nonlinear loads generate harmonic and reactive currents, which lead to low power factor, low energy efficiency, and harmful disturbance to other appliances [3] . There are requirements imposed on the connection of the loads to the common coupling point. These are established to ensure that excessive harmonic currents will not be injected into the AC lines, which would affect the quality of power to other users that are sharing the same power line [1] . The utilities tend to bring the harmonic problems under control in order to reduce overstress at the utilities equipments
In order to solve these problems, Power Factor Correction (PFC) techniques and active power filters (APF) are utilized to eliminate the harmonics and improve the power factor. A PFC unit is usually inserted in the energy pass, which processes all the power and corrects the current to unity power factor. PFC techniques are generally suitable for low to medium power applications [3] . APF provides only the harmonic and reactive power to cancel the one generated by the nonlinear loads [4] . In this case, only a small portion of the energy is processed, which may result in overall higher energy efficiency and higher power processing capability [5] .
Active power filters (APF) are viable solutions to eliminate the harmonics and improve the power factor. There are many configurations of active filters, such as the series active filter, shunt active filter, and combination of shunt and series active filter. Shunt APF is considered to be the most basic configuration for active power filter. APF is known for its simplicity, reliability and ease of operation [6] . The APF is actually an inverter that is connected at the common point of coupling to produce harmonic components which cancel the harmonic components from a group of nonlinear loads to ensure that the resulting total current drawn from the main incoming supply is sinusoidal. Their size depends on the harmonic current drawn by the nonlinear loads and the required compensation [7] .
Although many technical papers related to APFs have been presented during the last decade, majority of them discusses the principles of operation and different schemes for controlling different topologies of APF's only. There is very little concern to the limitation of the APFs to the application voltage range. In fact, and most of the developed APFs are applicable for low power level only due to the semiconductor devices constraints [1] . This paper discusses a new topology of three-phase APF based on Modular Structure Multilevel Inverter (MSMI), which is generally for high voltage/high power applications. The MSMI has many distinct features in terms of its structure, which is simple, modular and also requires the least number of components. These features provide the flexibility in extending the MSMI to higher number of levels without undue increase in circuit complexity as well as facilitate packaging [8] . It provides a low cost and high performance solution for power quality control.
Most previously reported control approaches need to sense the load current and then calculate the load current harmonics and reactive components in order to generate the reference for controlling the power converters [9] , [10] . Article [11] introduced a promising solution based on onecycle control [12] , and mains current sensing for a singlephase APF. With one-cycle control, the multipliers and voltage sensors in the control loop are eliminated and the control circuitry is simple and robust. In this paper, a threephase APF with Unified Constant frequency Integration (UCI) control is proposed based on one-cycle control. Only one current sensor and one voltage sensor (resister divider) are used to sense the ac main current and the voltage across the dc capacitor. The control method features constant switching frequency operation, minimum reactive and harmonic current generation, and simple analog circuitry. This paper is organized as follows:
The proposed three phase APF, including the power stage and control circuitry, is described in Section II. This control method is used to control a family of inverters and the simulating results are given in Section III. Section IV gives a conclusion.
II. SYSTEM CONFIGURATION
The structure of a wye connected five-level three-phase MSMI is as shown in Fig.1 , which consists of two cascaded inverter per phase, where each inverter has two legs, also, each leg has two switches. MSMI APF in each phase produces current that has the same magnitude with that generated by the nonlinear load, but different in phase, so that the net resultant current is pure sinusoidal. The capacitor is charged from the source during the operation of the inverter switching. Voltage divider is also installed at the APF which sends the divided voltage to the controller. Each phase has an input RLC circuit. When APF is used typically an inductor is needed at the input [13] . The thesis in [6] introduces an RL circuit at the input.
In this paper a capacitor is introduced to the input circuitry and the resultant performance is studied. The results are given and discussed in Simulation Results section. The ports Q and Q* are generated based on the condition that is required for compensation. The R-S flip flop will receive two signals; one from the comparator through R input port while the other signal from the clock through S input port. The period of the clock pulses determines the constant switching frequency operation of the MSMI while the integrator will reset when the next clock pulse triggers it [1] .
The control objective of the full-bridge inverter is to provide the reactive and harmonic current required by the nonlinear load, so that the net current draws from the AC main is the fundamental active power used at the nonlinear load. The control key equations for the UCI controller are derived for the three phase MSMI based on the work presented in [14] and [13] . During the positive half cycle the phase voltages for each phase (Vga, Vgb, Vgc) are greater than zero, S1 is always ON in each phase. The inductor voltages will be as follows, 
The combination of (3), (4) and (5) yields the relationship between duty ratios of the switches, input AC voltage for each phase and DC bus voltage of the APF.
In order to achieve three phase unity power factor, the control goal of the APF is therefore to force the AC current to follow the AC input voltage. For each phase, with Rs as the equivalent sensing resistance, V ge = R S. i ge (7) Equations (6) and (7), yield the control key equations as follows,
The direct relationship between input AC currents, duty ratios of the switches and DC bus voltage of the APF is given in equation (8) . The control system, which generates the gating signals of switches in the inverter, changes the duty of cycle of these signals so that the control of phase currents is sustained. This in turn makes the control of AC current possible. In short by changing duty cycle of the gate signals the control makes the AC current in phase with AC voltage
III. SIMULATION RESULTS
The simulation studies are carried out for three different cases. The first case is the ordinary transmission system with the three phase source, transmission line and the nonlinear load. This case is studied to examine the characteristics of the non-linear load and the line voltage and currents when it is connected.
The second and thirds cases are when the multi-level inverter (Active Power Filter) is connected to the transmission line as shunt controller in order to compensate the harmonics drawn by the non-linear load. The difference between the two cases is the circuitry which is used to connect the inverter to the transmission line. In the second case this circuitry is designed as resistance and inductance and this is studied in detail [6] . In this project a capacitor is introduced to the connection circuitry and the resultant performance of APF is studied.
The non-linear load is composed of a diode rectifier circuit with an RC circuit at the output. In Fig. 3 , the current drawn by the non-linear can be observed. Fig.3 . Waveform of source current before compensation for phase A Because of its non-sinusodial waveform this current has very high harmonic content. The FFT analysis of the current supplied by the source and its harmonic content is given in Fig. 4 . Fig.4 . Harmonic spectrum source current before compensation for phase A When the Active Power Filter is connected to the system the controller generates necessary gating signals so that the output current of the inverter negates the harmonics drawn by the non linear load. The resultant source current is in phase with the source voltage which implies that the power factor is close to 1.
The waveform given in Fig. 5 , is the source current after compensation for phase A. The FFT analysis of the new source current is given in Fig. 6 , where the harmonic content can also be observed. Fig.5 . Waveform of source current after compensation for phase A by using RL Fig.6 . Harmonic spectrum of source current after compensation for phase A by using RL Then, the last simulation is performed after making a slight change in the circuitry between the transmission line and the multi-level inverter. A capacitor is connected in series with already existing resistive and inductor.
The new performance of the Active Power Filter is much better than the previous case. The level of Total Harmonic Distortion (THD) decreased from 12.57% in RL case to around 5.72% in RLC case.
The source current for the phase A can be observed in Fig.  7 . Fig.7 . Waveform of source current after compensation for phase A by using RLC
The FFT analysis given below in Fig.8 , depicts the harmonic content of the source current. It also shows that the THD content is pulled down to 5.72% with the introduction of the capacitor. Fig.8 . Harmonic spectrum of source current after compensation for phase A by using RLC Table I below, summarizes the data collected from the simulation studies. The first column presents the system when the non-linear is connected to the power system and no power filtering is performed. Thus, a huge amount of harmonic current flows through the transmission line.
The second column presents the Total Harmonic Distortion when the proposed Active Power Filter is connected to the system through an RL circuit. There is significant enhancement in THD characteristics since it is pulled down from 146 % to 12.5 %. '
The last column shows the data for the simulation which is unique to this paper where the APF is connected to the Transmission Line through an RLC circuit. The THD value is dropped further to % 5.7 for phase A. The operation principles of an active power filter comprising of Modular Structure Multilevel Inverter (MSMI) and Unified Constant frequency Integration Control (UPI) are described in this paper. The performance of a topology which is present in the literature [6] is studied in detail for two cases. Being unique to this work, a capacitor is introduced to the circuitry that is used to connect the multi level inverter to the transmission line.
Extensive simulation works are carried out and the performance of the Active Power Filter is studied. The change that is done in the connection circuit proved to be very beneficial and decreased the total harmonic distortion to 5.72%.The operation of the multi-level inverter and the control strategy is confirmed. Furthermore the positive effect of the introduction of the capacitor to the connection circuit is proved.
